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SUMMARY 

We have analyzed pentane- insolub le asphaltenes from a number o f  feeds and hydro- 
t rea ted  products. Processing reduced the asphal tenes l eve l s  by 29-77%. The hydro- 
gen-to-carbon atom r a t i o  and f r a c t i o n  o f  aromatic carbon atoms were near ly  the  same 
f o r  a l l  o f  t h e  feed and product  asphaltenes, w h i l e  o the r  values va r ied  widely .  
These r e s u l t s  are taken t o  mean t h a t  a r o m a t i c i t y  a long w i t h  l a r g e  molecular s i ze  i s  
the fac to r  determin ing whether a molecule i s  an asphaltene and t h a t  some degree o f  
reduct ion o f  t he  asphal tene 's  Crack- 
i n g  of t he  l o n g  a l i p h a t i c  s t r a i g h t  subs t i t uen t  chains does n o t  seem t o  be necessary. 
An essent ia l  f u n c t i o n  o f  an asphaltene convers ion c a t a l y s t  appears t o  be reduc t i on  
of aromatics . 
INTRODUCTION 

Asphal tenes a r e  the  l i g h t  p a r a f f i n i c  hydrocarbon- insolub le b u t  to luene-  o r  benzene- 
so lub le  p o r t i o n s  of crude o i l s .  The are concentrated i n  the heavy ends when crude 
o i l s  are d i s t i l l e d  and are considered t o  be coke precursors i n  processing. The 
heavier  o i l s ,  which c o n s t i t u t e  a growing p ropor t i on  o f  the crudes a v a i l a b l e  fo r  
processing, u s u a l l y  c o n t a i n  s u b s t a n t i a l  q u a n t i t i e s  o f  asphaltenes. 

Asphal tenes a r e  a m i x t u r e  o f  many d i f f e r e n t  types o f  compounds and tend t o  be p o l a r  
because they con ta in  heteroatoms, i n  p a r t i c u l a r  n i t rogen ,  sulfur, oxygen and metals. 
Nickel  and vanadium a r e  t h e  l e a d i n g  m e t a l l i c  elements. These ma te r ia l s  assoc iate so 
t h a t  t h e i r  t r u e  molecular  weights are hard t o  determine. It i s  est imated t h a t  t he  
i s o l a t e d  molecules have an average molecular weight  o f  the o rde r  o f  1000-2000 amu 

When a crude o i l  o r  residuum i s  processed, t h e  asphaltenes must be converted, 
p re fe rab ly  t o  more s o l u b l e  products. I n  order  t o  l e a r n  how asphaltenes are t rans-  
formed i n  the upgrading process and how t h a t  process might be improved, we have 
examined feeds-and products-  t h a t  were run  s e q u e n t i a l l y  over a t y p i c a l  hyd ro t rea t i ng  
ca ta l ys t .  Asphaltenes and maltenes were separated from each and character ized by 
elemental ana lys i s  and by NMR techniques. Resul ts  o f  these s tud ies  suggest a conmon 
fac to r  i n  asphaltene s t r u c t u r e  and an essen t ia l  f u n c t i o n  o f  an upgrading ca ta l ys t .  

EXPERIMENTAL 

A ser ies o f  res idua l  feeds and blends was t r e a t e d  over the same charge of hydro- 
t r e a t i n g  c a t a l y s t  under t y p i c a l  cond i t i ons  i n  order  t o  compare t h e i r  r e a c t i v i t y .  
The pressure was 2200 p s i g  and temperatures ranged from 382-393OC. Proper t ies o f  
the res ids  are summarized i n  Table 1. Numbers 1 and 2 are blends; 3 and 10 a re  
Ca l i f o rn ia  offshore; 6 and 7 are C a l i f o r n i a  OCS; 11 and 12 a r e  from the C a l i f o r n i a  
c e n t r a l  va l l ey ;  4 ,  5 ,  8, 9 and 14 are  from Mexico, I ran ,  Alaska, Long Beach and 
Canada respec t i ve l y .  

Heavy Arabian r e s i d  was processed between each p a i r  o f  res ids  i n  o rde r  t o  b r i n g  the  
c a t a l y s t  to a "standard" c o n d i t i o n  and t o  check t h a t  i t s  performance was cons is ten t  

aromatic system can conver t  i t  t o  a maltene. 

(1). 
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throughout the run. The r e a c t o r  temperature was increased as necessary t o  ma in ta in  
approximately constant  metals conversion o f  t he  Heavy Arabian blend. It was be- 
l i e v e d  t h a t  a l l  the r e s i d s  t e s t e d  would have been subjected t o  e s s w t i a l l y  t he  same 
c a t a l y s t .  

Pentane asphaltenes were separated from each feed and product, us ing  a modi f ied 
Union O i l  procedure. The r e s i d  was d i sso l ved  i n  a smal l  amount o f  dichloromethane 
and then pentane was added a t  a so1vent:sample r a t i o  o f  about 1OO:l t o  p r e c i p i t a t e  
asphaltenes. The volume was reduced by 60% under n i t rogen,  and a d d i t i o n a l  pentane 
was added t o  res to re  the so1vent:sample r a t i o  t o  1OO:l. P r e c i p i t a t i o n  was a t  room 
temperature. The mixtures were M i l l i p o r e  f i l t e r e d  a f t e r  one hour, and t h e  asphal- 
tenes were washed with pentane and then d i sso l ved  through the  f i l t e r  w i t h  toluene. 
A f te r  evaporat ion o f  to luene the  asphaltenes were vacuum d r i e d  i n  a p i s t o l  a t  105°C 
and the maltenes were "dr ied"  i n  a Rotavap a t  ca 0.3 mm a t  60'C f o r  one hour. Both 
f rac t i ons  were analyzed ffr C, H Some I R  spect ra and thermal 
data were obtained, and 

13C-NMR spectra wyse obta ined on spectrometers ope ra t i ng  a t  2.1, 4.7  and 6.3 Tesla, 
corresponding t o  I n  gener f j ,  
on ly  s e n s i t i v i t y  was improved by us ing h ighe r  f i e l d  spectrometers t o  o b t a i n  the C 
NMR spectra. A t ime f a c t o r  improvement o f  almost 10 f o l d  was achieved w i t h  the 6.3 
Tesla spectrometer r e l a t i v e  t o  the  2.1 Tesla spectrometer. However, t h e  data 
obtained on a l l  ins t ruments were q u i t e  comparable. The improved r e s o l u t i o n  a t  
h igher  f i e l d s  d i d  n o t  r e s u l t  i n  b e t t e r  q u a l i t y  data, s ince  r e s o l u t i o n  a t  2.1 Tesla 
was s u f f i c i e n t  f o r  t he  measurements undertaken. A l l  samples were r u n  as CDCl  
so lu t i ons  i n  1 0 - m  o r  12-mm sample tubes. Ninety  degree pulses and 30-secona 
recyc le  delays were used a long w i t h  broadband, gated decoupling du r ing  a c q u i s i t i o n s  
only .  L ine broadening equ iva len t  t o  1 Hz (whole res ids  and maltene f r a c t i o n s )  o r  2 
Hz (asphaltenes) was app l i ed  p r i o r  t o  F o u r i e r  t ransformat ion.  Sweep widths and data 
sizes were set, depending on app l i ed  f i e l d ,  t o  cover a 220 ppm range and t o  g i v e  
approximately a 1-second a c q u i s i t i o n  time. 

DEPT t ype  spect ra and quaternary carbon-only spectra were obtained on the 6.3 and 
the 2.1 Tesla inst ruments as descr ibed by Bendall  and Pegg (2). A heteronuclear  
J-resolved two-dimensional experiment was performed on the 6.3 Tesla inst rument  
us ing the  sof tware prov ided w i t h  the  inst rument .  

S, N ,  Fe, N i  and V.  
C- and 'H-NMR spect ra were obtained fo r  a l l .  

C resonance f requencies o f  22.5, 50.3 and 67.9 MHz. 

I 

I 

Sol i d  s t a t e  13C-CPMAS experiments on the  asphal tenes were performed w i t h  a Chemag- 
n e t i c s  accessory at tached t o  t h e  2.1 Tesla instrument. Experimental parameters used 
t o  ob ta jn  the I p p c t r a  were a 1 ms con tac t  t ime, 1 second recyc le  delay, and matched 
40 kHz H and C R.F. f i e l d  s t rengths.  Samples were spun i n  Kel-F r o t o r s  a t  3-3.5 
kHz. Ten t o  twelve thousand scans were accumulated f o r  each sample. Spectra o f  
nonprotonated carbons were generated by i n s e r t i n g  a 50 usec delay between the  end of 

he cross p o l a r i z a t i o n  p e r i o d  and the  beginning o f  data a c q u i s i t i o n  d u r i n g  which the 
'tl decoupler channel was gated o f f  . T h i r t y  Hz o f  l i n e  broadening was app l i ed  p r i o r  
t o  Four ie r  t ransforming the  data t o  enhance the s ignal - to-noise r a t i o .  

RESULTS AND DISCUSSION 

Figures 1-4 summarize the elemental analyses on the feed and product maltene and 
asphaltene f r a c t i o n s .  From Figure 1 i t  can be seen t h a t  the H/C atom r a t i o s  f o r  
feed and product asphaltenes were a l l  w i t h i n  the range 1.20?0.09, and the value 
could go up o r  down i n  a product .  A t  t he  same time. asphaltenes were reduced by as 
much as 77 w t . % .  The values of t he  r a t i o s  were a l so  near l y  the  same f o r  maltenes: 
1.60+0.08 f o r  feeds and 1.67k0.07 f o r  products. I n  every instance t h e  r a t i o  i n -  
creased i n  going from a g iven feed t o  i t s  product. Some s o r t  o f  increase would be 
expected f o r  a h y d r o t r e a t i n g  process. 

t 
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By contrast ,  n i t r o g e n  and s u l f u r  l e v e l s  v a r i e d  w i d e l y  i n  bo th  f r a c t i o n s  (F igures  2 
and 3). Nitrogen l e v e l s  were lower i n  maltenes b u t  changed r e l a t i v e l y  l i t t l e  dur ing  
processing. I f any conversion d i d  occur, i t  must have l e d  t o  m a t e r i a l s  t h a t  remain- 
ed i n  the  l i q u i d  p o r t i o n s  o f  t he  res ids .  Su l fu r  l e v e l s  were usua l l y  lower i n  
maltenes and decreased s i g n i f i c a n t l y  on treatment.  S u l f u r  a l s o  decreased i n  the  
product asphaltenes. S u l f u r  could have been removed as H2S o r  i nso lub le  su l f i des ,  
n e i t h e r  o f  which would have remained i n  the  l i q u i d  phase. 

Metals content, as represented by (N i tV)  values, was much h igher  i n  asphaltenes than 
i n  maltenes and decreased on treatment. Levels i n  product maltenes were very low, 
suggesting t h a t  s o l u b l e  metals were r e a d i l y  removed. Metals reduc t i on  exceeded 
asphaltene reduc t i on  i n  most cases (F igure  5); e v i d e n t l y  metals a re  removed more 
e a s i l y  than asphal tenes a r e  converted. 

For a l l  of t he  f r a c t i o n s  13C-NMR spectra were measured; f o r  each, t he  f r a c t i o n  o f  
aromatic carbon atoms, f , and the  average chain l eng th  parameter, c / E  (3), were 
c a l  la ted .  For s e v e r a l a o f  t he  asphaltene f rac t i ons ,  t he  a r o m a t i c i t J  was measured 
by "C CFMAS (cross p o l a r i z a t i o n  - magic angle sp inn ing)  NMR d i r e c t l y  on t h e  s o l i d  
sample. Measured a r o m a t i c i t i e s  were found t o  be i d e n t i c a l  whether measured on 
so lu t i on  o r  s o l i d  samples. This suggests t h a t  we a re  examining t h e  whole sample i n  
so lu t i on ,  and that  s o l u b i l i t y  o f  t h e  asphaltenes i s  n o t  a problem when ch lo ro fo rm i s  
used as a solvent.  The data a re  presented g r a p h i c a l l y  i n  Figures 6 and 7. The 
c a l c u l a t i o n  o f  c was m o d i f i e d  by s u b s t i t u t i n g  f o r  c the  average of t he  he igh ts  
of the  c -c p d k s  t h a t  a re  c h a r a c t e r i s t i c  of l ong  i t r a i g h t  cha in  hydrocarbons 
(chemical 'shqfts J4.2, 20.4, 32.2 and 29.7 ppm respec t i ve l y ) .  F igure  6 shows t h a t  
t he  values o f  c /c v a r i e d  widely,  corresponding t o  an average s t r a i g h t  chain length  
range from 10 t\ 2% carbon atoms. 
increases i n  product asphaltenes. Ties4 
r e s u l t s  i n d i c a t e  t h a t  asphaltenes do conta in  long carbon chains, con t ra ry  t o  some 
e a r l i e r  statements (4). The cha in  l eng th  assignment was c a l i b r a t e d  w i t h  pentadecyl-  
phenol, and the  r e s u l t s  agreed w i t h  those o f  Netzel  e t  a1 (3). When one LAR asphal- 
tene sample was Soxhlet  e x t r a c t e d  w i t h  pentane f o r  e i g h t  hours, t he  c / E  va lue  d i d  
no t  change appreciably.  Thus, the  l ong  chains were no t  due t o  occ lueed lpara f f ins ;  
they  are an i n t e g r a l  p a r t  o f  t h e  asphaltenes. 

For several o f  r e s i d  f rac t i ons ,  we have a l so  c a l c u l a t e d  some a d d i t i o n a l  para- 
meters from the  *C-NMR spectra . The f r a c t i o n  o f  p a r a f f i n i c  carbon was ca l cu la ted  
as the  f r a c t i o n  o f  a l k y l  carbon contained i n  reso lved resonances (by i n t e g r a t i o n )  as 
descr ibed by Galya and Young (5). I n  add i t ion ,  t h e  f r a c t i o n  of s t r a i g h t  chain 
p a r a f f i n i c  carbon was c a l c u l a t e d  from the  r a t i o  o f  the  sum o f  the  i n t e g r a l s  o f  the 
14.2, 20.4, 32.2, 29.7, and 29.9 ppm resonances t o  the  t o t a l  p a r a f f i n i c  carbon 
i n t e g r a l .  F igure  7 shows t h e  change i n  s t r a i g h t  cha in  p a r a f f i n i c  contents a f t e r  
processing f o r  the maltene and asphaltene f r a c t i o n s  o f  s i x  res ids .  Only the  asphal- 
tene para f f in  content changes apprec iab ly  a f t e r  processing, inc reas ing  f o r  the 
r e s i d s  examined. Th is  suggests t h a t  h y d r o t r e a t i n g  reduces the  naphthene carbon 
content r e l a t i v e  t o  t h e  p a r a f f i n  content i n  the  asphaltene f r a c t i o n .  F u r t h e r  work 
i n  t h i s  area i s  underway. 

We have a l so  used a v a r i e t y  o f  techniques t o  c a l c u l a t e  t h e  f r a c t i o n  o f  nonprotonated 
pjomat ic carbon f o r  t h e  maltenes ant! asphaltenes f rac t i ons .  For the  asphaltenes, 

C CPMAS, DEFT, and he teronuc lear  J-resolved 2D NMR methods were evaluated. O f  
these methods, the l a t t e r  two were found t o  be too  t ime consuming. By o b t a i n i n g  the 
normal spectrum p lus  t h e  i n te r rup ted  decoupl i n g  spectrum, nonprotonated aromat ic 
carbon was determined i n  j u s t  two hours, versus 12-48 hours f o r  the  DEPT and 2D 
methods. For the  maltenes the  DEPT technique a l lows de terminat ion  of nonprotonated 
carbon i n  t y p i c a l l y  2-3 hours versus overn igh t  f o r  2D methods. Thus, DEPT i s  
preferred when a d d i t i o n a l  in fo rmat ion  a v a i l a b l e  f rom the  20 NMR (such as coup l ing  
Constants) i s  no t  deemed necessary. To date, we have no t  found any co r re la t i ons  

The on ly  obvious t r e n d  i n  the  data i s  t h a t  c / E  
It appears no t  t o  change much i n  maltenes. 

'. 
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\ between nonprotonated carbon content and hydrot reat ing.  

Figure 8 shows the values o f  f f o r  a l l  o f  t he  maltene and asphaltene f rac t i ons .  
The values f o r  feed and productaasphaltenes very remarkably l i t t l e ;  a l l  are i n  the 
range 0.4720.06. A t  t he  same t ime, the  asphaltene l e v e l s  were reduced up t o  77% by 
t h e  processing (F igure 5 ) .  Maltene values a l s o  f a l l  w i t h i n  a narrow range: 0 . 2 2  
0.05. I n  every case the value o f  fa f o r  maltenes e i t h e r  decreased o r  remained the 
same w i t h  hydrot reat ing.  

/ 
I 

I 

Thus, on l y  a romat i c i t y  and the H/C atom r a t i o ,  which i s  a rough i n d i c a t o r  o f  aroma- 
t i c i t y ,  maintained the same l e v e l s  i n  feed and product asphaltenes. Su l fu r ,  n i t r o -  
gen and (Ni tV)  l e v e l s  v a r i e d  g r e a t l y  i n  the same asphaltenes. Such a wide v a r i e t y  
o f  res ids  has been examined t h a t  these r e s u l t s  cannot be co inc iden ta l .  The data 
suggest t h a t  a r o m a t i c i t y  a long w i t h  h igh  molecular  weight i s  t h e  pr imary c r i t e r i o n  
f o r  asphaltene c l a s s i f i c a t i o n .  

Once the asphaltene aromatics are hydrogenated t o  some degree, they e v i d e n t l y  cease 
t o  be asphaltenes and pass i n t o  the maltene f r a c t i o n .  Metals o r  s u l f u r  removal do 
n o t  necessar i ly  have the same e f f e c t .  I t  appears tha t  hydrogenation o f  t he  aromatic 
r i n g  system i s  the  one reac t i on  necessary f o r  asphaltene conversion t o  more so lub le  
mater ia ls ,  The chain l eng th  data, which are harder  t o  reproduce and therefore l ess  
r e l i a b l e ,  show t h a t  i n  some instances the  asphaltenes w i t h  s h o r t e r  sidechains were 
more r e a d i l y  converted, b u t  i t  does n o t  appear t h a t  c rack ing  o f  sidechains i s  
genera l l y  requ i red  f o r  asphaltenes reduct ion.  

Aromatics reduc t i on  would cause a p lana r  aromatic system t o  become nonplanar. If 
the stack ing proposal o f  Yen ( 6 )  f o r  asphaltene p lanar  aromatic systems i s  c o r r e c t ,  
then the hydroaromatics thus formed might  no l onger  f i t  i n t o  such an assembly, and 
the  hydrogenated molecules might  t he re fo re  no l onger  be asphaltenes. 

These conclusions are a t  considerable variance w i t h  those o f  Plumail  e t  a1 f o r  the 
conversion o f  Boscan crude asphaltenes (7) .  Boscan r e s i d  was t r e a t e d  under the same 
condi t ions t h a t  we have repo r ted  here, and i n  ou r  hands the r e s u l t s  were i n  l i n e  
w i t h  the present  ones. Namely, asphaltene a r o m a t i c i t y  and H/C r a t i o  change l i t t l e  
on processing, and s u l f u r  and metals l e v e l s  ( i n c l u d i n g  n i c k e l )  drop. Ni t rogen 
values are v i r t u a l l y  unchanged, wh i l e  average s t r a i g h t  a l k y l  chain l eng th  decreases 
somewhat i n  product asphaltenes b u t  remains the  same f o r  product  maltenes. We 
be l i eve  t h a t  hydrogenation of aromatic s t ruc tu res  i s  the p r i n c i p a l  r e q u i s i t e  fo r  
conversion o f  Boscan as w e l l  as o the r  petroleum asphaltenes. 
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Iden t . 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Resid 

HVY ARAB. 
L AR 
SA. MARIA 
MAYA 
GACH SARAN 
HONDO 
FRODO 
N. SLOPE 
LA BASIN 
GILOA 
BREMER 
MIDWAY 
ORCUTT 
LLOYDMSTR 

Table. 

Minimum 
B.Pt., C 

343 
343 
204 
343 
343 
204 
232 
343 
204 
232 
232 
260 
232 
232 

Proper t ies o f  Feed Resids 

AP I 
Gravi ty  %Asph %N 

12.6 15.5 0.26 
11.0 13.7 0.67 
14.6 23.0 0.61 
9.4 23.4 0.52 
15.6 8.7 0.41 
13.4 19.8 0.70 
9.3 30.0 0.80 
15.3 5.1 0.31 
9.5 12.2 0.92 
14.6 13.9 0.73 
10.9 8.8 1.20 
11.6 8.1 0.83 
14.7 11.7 0.66 
13.5 13.2 0.16 

PP" 

4.23 115 
2.77 222 

%S (Ni+V) 

3.82 319 
4.42 496 
2.60 144 
5.10 321 
5.95 658 
1.60 57 
1.94 151 
3.60 318 
1.46 160 
1.41 150 .. ~ 

2184 192 
3.24 150 
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F i g .  1. V a r i a t i o n  o f  H/C a t o m  R a t i o  
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Fig. 3. Suifur Content o f  Resid Fractions 
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Fig. 5. Flsphaltene Metals Reduction 
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